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REMARKS 

The present request is submitted in response to the final Office Action 
dated February 17, 2006, which set a three-month period for response, making 
this amendment due by May 17, 2006, and with the initial two month period for 
response expiring on April 17, 2006. 

Claims 3-6, 8, 10, and 12 are pending in this application. 

In the final Office Action, claim 12 was objected to for an informality. 
Claims 4-5 were rejected under 35 U.S.C, 1 12, first paragraph, as failing to 
comply with the written description requirement Claims 3-5 and 10-12 were 
rejected under 35 U.S.C. 103(a) as being unpatentable over U.S. Patent No. 
5,672,014 to Okada et al. Claims 6-9 were rejected under 35 U.S.C. 103(a) as 
being unpatentable over Okada as applied to claim 12 and further in view of the 
ASM Handbook, Volume 14. 

In addition, the Applicants were advised that if claim 6 were found 
allowable, claim 7 would be objected to as substantial duplicate thereof. The 
same objection would be raised with regard to claims 6/9 and 10/11, respectively. 

In this amendment, therefore, claims 7, 9, and 1 1 have been canceled. 

Claim 12 was amended to address the objection. Likewise, claim 4 was 
amended to change "maximum" to "minimum*, thus obviating the rejection under 
Section 112, first paragraph. 
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Turning now to the substantive rejection of claims 3-5 and 10-12, the 
Applicants respectfully submit that the cited reference and reference combination 
failsto suggest all of the features of the pending claims. 

Specifically, the Applicants respectfully submit that the object of the 
present invention, which is to avoid any stress-raising, hard-working process 
after heat treatment, has been overlooked. As the Examiner states, the roll 
bearing parts of Okada require grinding to make a completely finished product; 
therefore, the method of Okada does not address or solve the object of the 
present invention. 

In addition, the importance of the feature that the steel is an air-hardened 
steel has been disregarded. As disclosed in the description, the range as 
defined in the present invention was chosen to achieve the object of the invention 
with an inexpensive steel. Typically, air-hardened steel has very high alloy 
contents and is thus quite expensive. The steel of the present invention, 
however, has an extraordinarily high silicon content, which is only mentioned 
once in Okada as a limit for a very broad range of silicon contents. All of the 
embodiments disclosed in Okada are outside of the claimed range of silicon 
contents. 

As for the effect of silicon on the cooling velocity of steel, the Examiner's 
attention is directed to the attached Appendix I, which is an excerpt of a textbook 
passage, especially to Fig. 1 1 on page 143. This effect is well-known to one 
skilled in the art. 
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With regard to the object of the present invention, the slower cooling 
velocity in air, in contrast to a faster cooling in oil or water, is critical, as it greatly 
contributes to the feet that the part does not deform substantially. This has the 
effect, in particular, that the temperature reduction occurs much more evenly 
over the entire cross-section of the part than with conventional cooling. 
Therefore, the unavoidable volume change during the transition from an 
austenite structure to a martensite structure occurs at the same time and evenly 
over the whole cross-section of the part, so that bending of the part is avoided. 
Length changes are not critical as they are reproducible and can be taken into 
account during the shaping of the semi-finished article. 

Therefore, the Applicants submit that there is no justification for the 
Examiner's conclusions that the air-hardenability of the steel can be drawn 
simply from the similarity between the very large range of compositions disclosed 
in Okada compared with the very much smaller range of the present invention, 
where these ranges do not even completely overlap. Even just the carbon 
concentration range of 0. 1 to 1 .0% of Okada leads to steal with strongly different 
hardening behaviors. A steel with less than 0.3% carbon, in particular, is not 
hardenable without extra carbon treatment, and in addition, it also is not air- 
hardenable over a complete cross-section. 

This factor is addressed in Okada in the description of the steel SCr420 in 
columns 1 and 2, This carbon treatment, however, which takes place at a high 
temperature just before hardening makes it impossible to use the roll bearing part 
without a grinding treatment after hardening as the surface of the part is modified 
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so strongly (because it is black and uneven), that it is no longer a useable roll 
bearing part, even if the part only shows a small deformation. 

With regard to the Examiner's objection regarding the choice of the carbon 
content, the Applicants respectfully submit that one skilled in the art knows that 
hardness increases with increasing carbon content. In addition, one skilled in the 
art also knows that the wear of the roll bearing part decreases with increasing 
hardness or a given bearing load. Further, it is known from textbooks that roll 
bearings require a track hardness of about 50 HRC in order to achieve a 
satisfactory durability (see Appendix 2, enclosed material selection tables from 
textbook). 

One skilled in the art also knows that it is not sensible to increase the track 
hardness to more than the necessary amount, as this would lead to a higher 
sensitivity of the track relative to impact loads due to increasing brittleness. The 
exact choice, however, can only be made in view of durability experiments under 
realistic operating conditions. 

Because Okada fails to suggest all of the features of the present invention 
as defined in the pending claims, the rejection under Section 103 must be 
withdrawn. When establishing obviousness under Section 103, it is not pertinent 
whether the prior art device possess the functional characteristics of the claimed 
invention, if the reference does not describe or suggest its structure. In re Mills, 
16 USPQ 2d 1430, 1432-33 (Fed. Cir. 1990). 

For the reasons set forth above, the Applicants respectfully submit that 
claims 3-6, 8, 10, and 12 are patentable over the cited art. The Applicants further 
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request withdrawal of the final rejection under 35 U.S.C. 103 and reconsideration 
of the claims as herein amended. 

In light of the foregoing amendments and arguments in support of 
patentability, the Applicants respectfully submit that this application stands in 
condition for allowance. Action to this end is courteously solicited. 

Should the Examiner have any further comments or suggestions, the 
undersigned would very much welcome a telephone call in order to discuss 
appropriate claim language that will place the application into condition for 
allowance. 



Respectfully submitted, 




Attorney for Applicant 
Reg. No.: 27233 
103 East Neck Road 
Huntington, New York 11743 
631-549-4700 
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May 12, 2006 



DECLARATION 



The undersigned, Dana Scruggs, having an office at 8902B Otis Avenue, Suite 
204B, Indianapolis, Indiana 46216, hereby states that she is well acquainted with both the 
English and German languages and that the attached is a true translation to the best of her 
knowledge and ability of US PATENT APPLICATION, SER. NO. 10/680,477 (INV.: 
SEEBENLIST, N., ET AL). 

The undersigned further declares that the above statement is true; and further, that 
this statement was made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements may jeopardize the validity 
of the application or document or any patent resulting therefrom. 
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...normal hardening, i.e., by directly quenching the roller bearing chromium steel to 
temperatures below the martensite point. Figure 56 b shows a lower bainitic structure of 
a roller bearing steel. This microstructure is created via isothermal change at a 
temperature slightly above the martensite point, via "isotemp hardening". 

To ensure that a hardening structure of the roller bearing steel is attained via the heat 
treatment, certain requirements are placed on the microstructure of the unhardened 
material itself. Figure 57 a shows the microstructure of the unannealed, unhardened 
roller bearing chromium steel. In the annealed state (Figure 57 b), the carbide must 
then be spheroidized and evenly distributed. The individual carbide grains must not 
exceed a certain size. This microstructure formation is also significant in terms of the 
machinability of the material. 

Through-hardened roller bearing steels are smelted primarily in a basic open-hearth 
furnace, in a basic electric furnace, or using the basic oxygen process. An essential 
step toward improving the purity grade was the implementation of vacuum degassing of 
roller bearing steels. The vacuum degassing of the steel smelts reduces the oxygen and 
hydrogen content and thereby improves the homogeneity of the material. For this 
reason, roller bearings made of vacuum-degassed steels have a noticeably longer 
rating life than bearings made of untreated steels (section 3.2). In addition, the 
individual alloying constituents can be held within narrower limits with vacuum 
degassing than with conventional steel-making. This results in the formation of a 
uniform microstructure and hardness. For these reasons, FAG began converting 
production exclusively to vacuum-degassed steels a few years ago. 

A further increase in the purity grade and the other quality features can be attained 
using vacuum smelting, in particular via resmelting in a vaccum. These methods result 
in extremely high-quality steels, but they are very cost-intensive. Steels of this type are 
therefore considered only for use to manufacture special bearings. 

In addition to the through-hardened chromium steels listed in Table 54, some alloyed 
case-hardening steels are also used, in particular for manufacturing tapered roller 
bearings, large cylindrical roller bearings and self-aligning radial roller bearings. Three 
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4 

common case-hardening steels are listed in Table 58 a. Steel type 17 MnCr 5 is used 
when thin cross-sections are involved, and steel type 17 NiCrMo 14 is used when large 
cross-sections are involved. 

Large roller bearings, which are used to support excavators, cranes, etc., are made 
primarily out of tempering steels, and the tracks are surface-hardened. Three common 
steels for flame and induction hardening are listed in Table 58 b. 

The roller bearing industry used high-alloy materials (Table 59) for bearings that will be 
exposed to special environmental conditions, such as corrosion, high temperatures, etc. 
For example, bearings that will come in contact with corrosive media, e.g., in acid 
pumps, are made of stainless steels listed in Table 59a. 

Roller bearings that will be used under extremely high temperatures are made of high- 
temperature... 
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Table 58 Composition (per DIN 0017230) and case hardness of common steels for 
surface-hardening 

Table 59 Composition (per DIN 001 7230) and hardness of the common high-alloy 
steels 
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"Appendix 2" 

Foreword from the publisher 

The fundamentals of roller bearing technology and related subfields have been 
described in numerous publications. The ambitious collaboration between university- 
based tribologists and engineers for roller-bearing manufacturers bears fruit. Many of 
the articles published within this context can not be incorporated in catalogs or 
textbooks. They are too extensive or scientific for those types of publications. In many 
cases, the articles are also published in a foreign language. 

We have therefore selected these types of articles about the fundamentals of roller- 
bearing technology and summarized them in this book, to provide an overview. These 
articles 

□ reflect developments that have taken place over the past few years, 

□ supplement and expand the depth of the subject matter covered in textbooks, 

□ are available in German and are written in an easy-to-understand manner. 

The articles have been summarized by the employees of the SKF, and they were pre- 
published in the technical journal «Kugellager-Zeitschrift» f Ball Bearing Journal") 
published by the SKF. 

The fact that the demand for copies has been very high leads us to hope that this 
collection of articles will prove valuable to everyone who wants to learn or teach about 
the fundamentals of roller bearing technology. 

SKF GmbH 
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m Electron-microscopic photograph of the 
m microstructure of SKF3, initial phase of the 
austenitizing of the grain-boundary carbides. 



Figure 10 



...can be seen in a microscopic photograph, Figure 10. A material with more grain 
boundaries, e.g., cold-pilgered piping, releases the carbides much more rapidly than a 
coarse-grain material [13]. Once the basic microstructure has been completely 
transformed to high-temperature austenite, which can be achieved using high 
temperature or by steady isothermal conditions, the equilibrium (mentioned above) 
between the diffusion of chromium and carbon out of the carbides and their diffusion 
back into the carbides becomes established. 



When combined with SKF3, silicon cannot be considered to be an alloying element, 
since it is added only for the purpose of ensuring deoxidation during smelting, so the 
steel can be produced pure in terms of oxidic, non-metallic inclusions. The portions of Si 
added are limited by the negative effects that silicon has on the machinability [14] and 
cold-workability [15]. Silicon has a slight influence on the through-hardenability, but it 
cannot be used - as is suggested in the literature - as a replacement for chromium or 
manganese in the composition. In high percentages, e.g., 0.8 % by weight, it can 
promote the precipitation of temper-carbon from carbides during spheroidizing. Another 
important point: Adding silicon extends the transformation times during bainitic 
hardening, see Figure 11. Bainitic hardening is used especially with higher-alloy, 
through-hardened types of SKF3 for thick-walled rings. 
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Figure 11 

Start of banitic transformation at 235 °C, plotted against silicon content, for an SKF3 
with 1.05 % C, 1.35 % Cr and 0.3 % Mn, austenitized at 860 °C. 

Manganese 

Manganese is the most common and inexpensive alloying element in steels, but it is 
maintained at a relatively low level in SKF3. Manganese is required in steel 
compositions in order to bind the sulphuric content in the form of soft, allowable 
manganese sulphides instead of as brittle, detrimental iron sulphide inclusions. The 
expression «residual sulphur contents is used frequently, but a minimum content of 
sulphur is often required because it improves machinability. 

Manganese is not the moderate/strong carbide-forming agent like chromium is, for 
example. This makes it impossible to replace chromium with manganese and maintain 
the same microstructure properties. More important is the fact that manganese causes 
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coarser perlrtic layers when the steel Is cooled down after high-temperature reshaping. 

The practical consequence rs that spheroidizing creates difficulties (a long 
transformation time is required), and that coarser carbides are formed in the 
composition of SKF3 with an increasing manganese content. Steels with an elevated 
manganese content are typically used for bearing parts with large cross-sections, due to 
their improved hardenability. In these cases, manganese is alloyed in addition to 
chromium, not in place of chromium. 
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